This paper presents a brief history of the use of on-line technologies in the support of teaching and learning in the School of Engineering and Technology at Deakin University, Victoria, Australia. It addresses the following issues; flexible engineering programs at Deakin University; computer-based learning in the School of Engineering and Technology; from individual efforts to formal, centralized control of the World Wide Web (Web); the costs of information technology; experiences with grant funded development projects; managing the development of on-line material; student access and equity; and staff development and cultural change. A sustainable on-line content development model is proposed to carry the School's on-line initiatives in support of teaching and learning activities into the future. This model incorporates the following points; the content to be delivered to students is as important as the delivery mechanism; the delivery system should adapt to the education process, not the other way around; the Web provides support for incremental development of on-line teaching tools that can be enhanced and expanded as needed; for consistency, quality and economy, central control needs to be exercised over the form and appearance of on-line material; leasing is a practical strategy for dealing with technology obsolescence and unknown IT budgets; automation of the generation of pages containing routine/static information; tools are required that simplify and minimize the additional workload placed on academic staff; staff development and exemplars of existing projects are essential items in equipping and enthusing academic staff to participate in on-line teaching and learning.
THE EVOLUTION OF ON-LINE TEACHING AND LEARNING

IN ENGINEERING AT DEAKIN UNIVERSITY FLEXIBLE ENGINEERING PROGRAMS AT DEAKIN UNIVERSITY
The new School of Engineering and Technology at Deakin University opened in 1991 with the intention to provide an integrated, articulated range of study options in engineering and technology for school leavers, those wishing to articulate from vocational programs to university, existing members of the engineering workforce looking to extend the qualifications and people wishing to change careers (Briggs, 1995) . The School now offers three-year Bachelor of Technology, four-year Bachelor of Engineering, Masters and Doctoral engineering programs in flexible delivery mode. The undergraduate programs are delivered on-campus, full-time for conventional entry students. Mature age students may study the programs off-campus and/or part-time. The programs are designed to articulate tightly with a number of national and international vocational-sector engineering study programs. A formalized system of granting advanced standing into the courses based on recognition of prior learning (RPL) and workplace experience has been developed which permits block credit of up two thirds of a Bachelor of Technology degree and up to half of a Bachelor of Engineering degree (Lloyd, Baker, & Briggs, 1996) . The entire undergraduate study program has been developed to address the requirements of a 'flexible learning program' as given in (Briggs, 1995) . It incorporates:
 a modular curriculum;  a formal assessment system for RPL based on granting advanced standing in appropriate course modules;  course modules developed in print form, supplemented by an array learning resources, including audio and video presentations, home experimental kits, computer-aided learning packages, remote (Internet-based) laboratory experiments and conventional laboratory work requirements; and  computer-mediated communication systems, including e-mail, video conferencing, Webbased bulletin boards and Internet-based conferencing systems.
COMPUTER-BASED LEARNING IN THE SCHOOL OF ENGINEERING AND TECHNOLOGY
From the beginning, computer-aided learning (CAL) tools were intended to be a key part of the School's flexible delivery strategy. For the development of stand-alone CAL programs to be distributed to students on a floppy disk, the School has used the Authorware development environment. CAL packages cannot replace real-world, practical experiences, but they can be used to support teaching and learning, particularly for off-campus students, and to assist in ensuring that the limited time available for hands-on, practical sessions is used most
effectively. An example of this is the METROLOG program (Ferguson & Wong, 1995 ) -see Figure 1 . This graphical program introduces students to the operation of precision measuring equipment before they use it in the laboratory, so they can spend more time making real measurements.
Insert Figure 1 here.
In 1994 the School commenced negotiations to acquire a computer-managed learning (CML) system. It was envisaged that this system would not only be used to develop, store and deliver on-line learning materials, but also manage the complex array of student administration information required by the School. After a long process of evaluating systems, agreement was reached in 1995 to purchase a CML system. At about this time the School also began investigating the Web as an educational medium. After a period of trials and modification of the CML system to meet local requirements, a working prototype was installed in mid-1996.
By the end of 1997 the CML system had been consigned to history. This was due to a combination of factors, including; technical problems with the system; lack of specific resources to manage the system implementation; planned changes to the central University student information database; and the emergence of the Web as an educational delivery medium.
With the new student information database promising to handle the course administration functions, the focus in the School shifted to the Web for the delivery of on-line educational materials (Elgueta, Martin, & Briggs, 1995) . It was also realized that the Web served many other functions, including internal staff communications and as one of the public faces of the School (Green, 1996) .
FROM INDIVIDUAL EFFORTS TO FORMAL, CENTRALIZED CONTROL OF THE WWW
During 1996 a small number of staff piloted the development of Web pages to support their teaching (Baliga & Palmer, 1996 ) -see Figure 2 . The results, while promising, were of varying visual appearance and instructional soundness; the efforts of 'lone early adopters' are often not successful (Green, 1997) . Without wishing to restrain academic freedom and individual developments, it was realized that standardization of format and review of content were required to ensure quality of content and appearance. The School developed guidelines for Web pages that included templates for consistency of appearance and a peer review process for the educational content. While the School maintained its own Web server, IT Manager and Multimedia Developer, the increasing number of staff wishing to use the Web as an adjunct to teaching and learning soon created a bottle-neck in the timely delivery of content on the Web. It was quickly apparent that University edicts such as "every unit/class shall have a Web page" (a statement that, without further elaboration, is virtually meaningless) would not be practical or sustainable under the existing development model. Insert Figure 2 here.
THE COSTS OF INFORMATION TECHNOLOGY
The School found itself in the position of having to maintain its own computing laboratory, as the central information technology (IT) division could not / would not support the specialized hardware and software required in the engineering field. This laboratory had been setup in the early 1990s, and by 1997 was significantly out of date and urgently in need of a major upgrade. At this time, the Schools of the University were also responsible for the provision of computing hardware and software for their staff, and in the School of Engineering and Technology this infrastructure was also in need of a major upgrade. An investigation during 1997 revealed that the School was spending in excess of AUS$100,000 per annum maintaining its IT infrastructure, even though there was no formal IT cost line in the School budget -a position that was not well understood due to the ad-hoc funding of IT, and a position that was not sustainable. Research from the USA at the same time period reported that less than one third of campuses had a financial plan for IT, and more than 70% of campuses funded IT expenses through one-off budget allocations or special appropriations (The Campus Computing Project, 1997). The same US source reports in 1999 that while 61% of US higher education institutions now have a strategic plan for IT, the majority still fund IT via 'budget dust', or special year-end allocations (The Campus Computing Project, 1999) .
By 1997 the computer hardware provided by the central IT division was more in line with the requirements of the School. While the School's IT costs were increasing, the University was spending much more. In early 1997 the central IT division launched the Deakin University Workstation Scheme (DUWS), under which a moderate standard PC or MAC workstation with a full complement of software could be supplied to staff at a fixed lease cost per year.
The IT division would contribute half of the lease cost and administer the consolidation of the lease arrangements across the University through a single external supplier.
During 1997 discussions between the School and IT division resulted in the School computing lab being handed over to the IT division. At the commencement of 1998 the outdated lab equipment was replaced with new computers at no cost to the School, and a shared arrangement between the School's IT manager and the IT division for the management of the laboratory configuration was negotiated. The main drawback for the School was that the computer lab was now open for general access to all students, no longer exclusively for the use of engineering students, however this has not proven to be a significant problem.
In late 1997 it was decided that the School would participate in the DUWS program. By mid-1998 all staff had DUWS workstations, providing staff with maintained computing infrastructure for a known, fixed cost per year, and at an overall cost that was significantly less than the ad-hoc spending under the previous regime.
EXPERIENCES WITH GRANT FUNDED DEVELOPMENT PROJECTS
The School has received grant funding from various sources for the development of on-line teaching and learning resources. The CML system mentioned above was partially funded by a seeding grant from the University. Funding was also received to pay for a short-term staff appointment to develop a Web-based courseware delivery system. Unfortunately, the time lag in appointing a suitably qualified person willing to relocate for a short-term contract meant that the project schedule was always running behind, and while a model courseware delivery system was developed, it was never mainstreamed. Both the CML and Web courseware projects focused on developing / implementing delivery mechanisms, rather than content.
Time and reflection has shown that the educational value actually lies in the content, and, that the content must be stored in a flexible enough manner to be able to be re-used when the particular delivery system becomes obsolete and retired.
The School has also been relatively successful in competitively bidding for grants from the former Committee for the Advancement of University Teaching (CAUT) (a national grant funding body in Australia) and its successor body the Committee for University Teaching and Staff Development (CUTSD). In 1995 funding was received for the development of a CAL package to simulate mechanics experiments. In 1996 funding was received for the development of a fluids experiment operated in real-time over the Internet (Lemckert & Florance, 1997 ) -see Figure 3 . In 1997 funding was received for the development of a system to operate manufacturing equipment in real-time over the Internet (Ferguson & Florance, 1999) . While these projects have been successful in demonstrating the development processes involved, and the utility of the end products as tools to assist teaching and learning, there are some issues to be considered. These large development projects consume significant amounts of money and time. While the grant funding pays for direct project resources, there is also a large burden placed on the infrastructure of the hosting School. In the case of the School of Engineering and Technology, these large and prominent 'lighthouse' on-line projects have consumed both equipment and the time of academic and support staff in the development of relatively specialized products that, in reality, will only ever benefit relatively small student groups. This effort may have been better directed toward developing reliable and easy-to-use infrastructure and systems to support the mainstream use of on-line technologies in teaching and learning.
Insert Figure 3 here.
In a University-wide effort to encourage the adoption of on-line teaching methods, the School received a modest amount of funding from the University in 1998 under the On-line Teaching Enhancement Project (OTEP). The majority of this funding was distributed in AUS$1,000 parcels to approximately ten academic staff to undertake a diverse range of small-scale, online developments. The positive outcomes of this exercise included:
 understanding how academic staff approach on-line developments;
 appreciating the resource requirements for on-line developments;
 highlighting the process issues in on-line developments;
 permitting the School to explore a number of on-line technologies in teaching and learning on a pilot scale; and  resulting in several key infrastructure resources to support on-going on-line teaching and learning in the School.
The approach of dispersing the funds into a large number of relatively small projects, while permitting experimentation with a range of approaches at the pilot level, had a number of drawbacks, (also reported elsewhere in (Green, 1997) ) these included:
 enthusiastic/ambitious project proposals from academic staff all had to be scaled back to a scope that was practical;
 the nominal funding amount of $1,000 per participant was really too small to achieve significant outcomes, results were only obtained by significant in-kind technical and development contributions from the School's multimedia developer;  the $1,000 was seen as a 'token' reward for the effort required, leading (in some cases) to problems in sustaining enthusiasm for the individual projects over the time frame required to achieve outcomes; and  a large amount of coordination time was required to administer a large number of small projects.
MANAGING / RESOURCING THE DEVELOPMENT OF ON-LINE MATERIAL
The development and maintenance of on-line teaching resources that are consistent, coordinated and up-to-date creates management and resourcing issues. In the context of the School, which has in excess of 100 individual study units on offer, the goal of on-line teaching and learning resources for each of these units represents a significant challenge. The key to sustainably managing large numbers of Web pages is to avoid having to manually create the source code for each page. Changes in curriculum, syllabus, staff, timetables, etc mean that hand-coded Web pages quickly become out of date, requiring modification.
Modern Web server technology (such as Active Server Pages (ASP)) means that Web pages can be created on-the-fly using templates to describe the page layout, and a database to provide the actual page content. An entire Web site for 100 units could conceivably consist of a few ASP template pages describing the structure of the pages for each unit and a database of unit information. As long as the currency of the information in the database is maintained, the Web pages will be up-to-date. Ideally, the database(s) used should be the organization's standard one(s), this will avoid the expense and dangers of duplicating data. Figure 4 shows a Web page that presents the description for the study unit SEB121. The hypertext markup language (HTML) code for this page does not exist anywhere; it is created in real-time when the page is called up by a browser. The ASP system creates the Web page by populating a standard template for all unit description pages with the particular data for the unit SEB121 that is contained in the curriculum database.
Insert Figure 4 here.
While relatively static administrative information should be easy to extract from existing organizational databases, the academic content for each unit does need to be individually authored. This process can be facilitated by the provision of tools to collect the content from academic staff and deposit it in databases, from which Web pages can be generated automatically. Such tools can be based on a Web interface, providing a familiar environment for most academic staff. If the entry of academic content is easy, academic staff are more inclined to participate. Figure 5 shows one such Web-based tool developed in the School to implement a 'class news' function. Academic staff simply select their unit code from a dropdown box, all existing news items are displayed and can be edited, or a new news item can be created. The results are saved in a database and will be displayed the next time a student accesses the class news for that unit. Figure 6 shows the resulting class news item as it appears to the student when it is generated on-the-fly using a master ASP template for class news pages and the content stored in the class news database by academic staff.
Insert Figure 5 here.
Other Web-based tools developed to assist staff to author content within their unit Web pages include a tool to enter and manage links to other Web resources located on the Internet, and a tool to upload and manage files that are then available for students to download from the unit Web pages. Three key elements of the philosophy behind these home-grown Web tools are:
1. to provide an easy-to-use avenue for staff to create Web content without needing any knowledge of HTML or server/network architecture; 2. to develop tools that are custom made to suit the requirements of teaching in the School, rather than having to adapt teaching methods to suit an off-the-shelf Web courseware solution; and 3. to adopt an incremental/evolutionary approach to on-line teaching and learning that avoids large investments in proprietary technology that is prone to obsolescence due to advancements in technology.
There is no doubt that there has been increasing pressure from many quarters on academic staff in the School to 'go on-line', but it is felt that this process has been significantly eased by the availability of the Web tools provided. In 1997 no unit had a Web page, in semester one of 1998 six units had a Web page, in semester one of 1999 19 units had a Web page, and in semester one of 2000 32 units had a Web page. Annualized, this now represents approximately 50% of the units offered by the School having some form of on-line support available provided by academic staff on a principally voluntary basis, and the proportion is expected to continue to increase.
If the content of the unit Web site can be continually expanded / enhanced, it offers more value to students and addresses the problem of static, unchanging Web pages, for which students and other viewers quickly lose interest in and don't bother to return to. A strategy employed in the School is to make the opening screen for each study unit Web page to be the class news -see Figure 6 . In this way, the first thing that students see is the latest information relating to their studies, and as long as academic staff update the class news content, the page will change regularly. Once again, starting from zero in 1997, the number of unique students accessing unit Web pages have been increasing proportionately with the increasing availability of unit Web pages. In semester one of 1998 335 unique students access were recorded across all available unit Web pages, in semester one of 1999 976 unique student accesses were recorded, and in semester one of 2000 1720 unique student accesses were recorded. As students are normally enrolled in up to four units, it is difficult to determine the proportion of students actively using the provided unit Web pages, but the number is rising.
Insert Figure 6 here.
STUDENT ACCESS AND EQUITY
As one of the driving principles of the new School of Engineering and Technology was increased access to engineering and technology education through flexible delivery, there was an on-going concern about the adoption of computer-aided and computer-based teaching technologies, and the possibility of this being a barrier to access. Software packages were always developed for the lowest common-denominator computer system of the time, and while on-campus students have free access to computer labs and the Internet, there was an ever-present concern regarding the ability of off-campus students to access teaching and learning materials placed on the Web. Some of this concern was laid to rest in 1998 when a survey of commencing engineering students (Palmer, 2000) revealed that, for off-campus students:
 100% had access to a computer;  95% were regular users of a computer;  85% had access to the Internet;  75% regularly used e-mail; and  70% regularly used the Web.
Even though being off-campus and on-line may mean a slow, modem-based Internet connection and hourly charges from an Internet Service Provider, the survey results suggest that off-campus engineering students are well placed to take advantage of on-line support of teaching and learning.
STAFF DEVELOPMENT AND CULTURAL CHANGE
The experience of the School with the introduction of on-line teaching and learning technologies is that academic staff do not magically become developers of high quality, educationally sound, on-line learning materials, neither do they instantly become proficient users and enthusiastic advocates for the new technologies. When confronted with the command to go on-line, staff may initially claim they don't know what the new technology is capable of. They may then claim they don't know how to use it. They may then claim they don't have the time for any additional work. Finally, they may claim that on-line teaching and learning is inferior to classroom teaching and learning. These may all be genuine concerns for the staff member involved.
The failure to accompany the introduction of new technology with appropriate staff development will mean expensive investments may largely lie idle or be used ineffectively.
The development of on-line teaching and learning resources cannot be yet one more task lumped onto the workload of academics; there must be sufficient time allowed for the task. If the proponents of new teaching technologies cannot offer a convincing case and concrete examples for the value and benefit of new approaches, why should a skeptical academic staff member suddenly be converted to the new path? Following the installation of IT infrastructure, the priority must be staff training and curriculum development (Kress & Hafner, 1996) . IT infrastructure is a prerequisite for success, but unless academic staff genuinely believe that new technology will make a significant difference in teaching and learning, success is unlikely (Morrison, 1998) .
Interestingly, on-line teaching technologies may provide part of the answer to the staff development problem that they cause. The on-line medium itself can provide an effective avenue for academic staff development in the application of new technologies in teaching and learning, particularly as a medium for peer-to-peer, collegial support and assistance. (Spratt, Palmer, & Coldwell, 2000) .
A SUSTAINABLE ON-LINE CONTENT DEVELOPMENT MODEL
The School of Engineering and Technology at Deakin University now has several years of experience with various on-line technologies used in the support of teaching and learning.
Based on this, the authors offer the following model of sustainable development for the future.
The content to be delivered to students is as important as the delivery mechanism, and the delivery mechanism may be superseded; care must be taken not to over-invest in the medium itself. Care must also be taken to avoid imposing a rigid structure on existing teaching processes -the delivery system should adapt to the education process, not the other way around. The Internet / Web is a viable medium for a variety of teaching and learning content, and is likely to remain so. The Web provides support for incremental development of on-line teaching tools that can be enhanced and expanded as needed. For consistency, quality and economy, central control needs to be exercised over the form and appearance of on-line material. The never-ending cycle of computer hardware and software upgrades requires that IT costs are controlled; leasing is a practical strategy for dealing with technology obsolescence and unknown IT budgets. Large-scale, lighthouse development projects may create a high profile for the use of on-line technologies, but may distract, if not detract, from the development of the infrastructure and smaller-scale successes required for the mainstreaming of on-line teaching and learning. A key methodology to sustainably manage the task of providing Web-based support for large numbers of units/classes is to automate the generation of pages containing routine/static information. For the generation of Web pages containing academic content, tools are required that simplify and minimize the additional workload placed on academic staff. On-line developments do not have to aim for the lowest common denominator to achieve equity and access; most off-campus students (in engineering and technology) are regular users of the Internet. Staff development and exemplars of existing projects are essential items in equipping and enthusing academic staff to participate in on-line teaching and learning. The key to successful on-line teaching and learning is to create flexible systems that can accommodate changes in content, technology and student needs.
